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Description 

AUTOMATIC TOOL ATTACHMENT 

APPARATUS 

Cross Reference to Related Applications 

[0001] This application claims the benefit of U.S. provisional ap- 
plication Serial No. 60/485,666 filed July 9, 2003. 
Background of Invention 

[0002] 1. Field of the Invention 

[0003] jhe present invention relates to an apparatus for auto- 
matically coupling a tool to a manipulator, such as a 
multi-axis robot. 

[0004] 2. Background Art 

[0005] An automated collet-based tool for holding a threaded 

fastener is known in the automated fastener tool art, such 

as that described in U.S. Patent No. 4,869,136. 
Summary of Invention 

[0006] According to one aspect of the present invention, an ap- 
paratus for automatically coupling a tool to a manipulator 



having a spindle is provided. The apparatus includes a 
first adapter and a second adapter. The first adapter has a 
spindle mating portion adapted to be coupled to the spin- 
dle and a first threaded portion disposed opposite the 
spindle mating portion. The second adapter has a second 
threaded portion adapted to engage the first threaded 
portion and a tool mating portion adapted to engage the 
tool disposed opposite the second threaded portion. The 
first and second threaded portions may have male or fe- 
male configurations. 

[0007] The apparatus may include a tool magazine having a 

tubular portion and a raised portion. The tubular portion 
may be adapted to receive the tool. The raised portion 
may be disposed in the tubular portion and may be 
adapted to engage the tool to inhibit rotation when the 
manipulator rotates the first adapter with respect to the 
second adapter. The tubular portion may include a prox- 
imity sensor that detects presence of the tool. 

[0008] According to another aspect of the invention, an appara- 
tus for automatically coupling a fastener tool to a multi- 
axis robot having a spindle is provided. The spindle is 
adapted to rotate about an axis of rotation and has a drive 
portion. The apparatus includes a first adapter and a sec- 



ond adapter. The first adapter has a spindle mating por- 
tion adapted to engage the drive portion and a first 
threaded portion disposed opposite the spindle mating 
portion. The second adapter has a second threaded por- 
tion adapted to engage the first threaded portion and a 
tool mating portion adapted to engage the fastener tool 
disposed opposite the second threaded portion. The spin- 
dle rotates about the axis of rotation in a first direction to 
engage the first and second threaded portions and rotates 
in an opposite direction to disengage the first and second 
threaded portions. 

[0009] The drive portion may include a retaining feature adapted 
to engage the spindle mating portion to secure the first 
adapter to the spindle and inhibit movement of the first 
adapter along the axis of rotation. 

[0010] The fastener tool may include a first opening adapted to 
receive the tool mating portion and a second opening dis- 
posed coaxially with the first opening that is configured to 
engage a fastener. The tool mating portion may also in- 
clude a tool retention feature protruding from a surface of 
the tool mating portion that is adapted to engage the first 
opening to secure the fastener tool to the tool mating 
portion and inhibit movement of the fastener tool along 



the axis of rotation. 
[001 1] The apparatus may include a tool magazine having a 
tubular portion that includes a bottom surface and a 
raised portion. The tubular portion may be adapted to re- 
ceive the fastener tool. The raised portion may be dis- 
posed in the tubular portion proximate the bottom sur- 
face. The raised portion may be adapted to extend into 
the second opening to inhibit rotation of the fastener tool 
when the multi-axis robot rotates the first adapter about 
the axis of rotation to engage or disengage the first and 
second threaded portions. The tool magazine may include 
a proximity sensor disposed proximate the tubular por- 
tion that is adapted to detect the presence of the fastener 
tool and provide a tool detection signal to the multi-axis 
robot. 

[0012] According to another aspect of the present invention, an 
apparatus for automatically coupling a socket to a spindle 
disposed on a multi-axis robot is provided. The spindle is 
adapted to rotate about an axis of rotation and includes a 
drive portion. The apparatus includes a first adapter, a 
second adapter, and a socket magazine. The first adapter 
includes a body portion and a first threaded portion. The 
body portion has a spindle mating opening adapted to re- 



ceive the drive portion. The first threaded portion is pro- 
vided on the body portion and is coaxial with the axis of 
rotation. The second adapter includes a main portion, a 
second threaded portion, and a socket mating portion. 
The main portion has a first surface and a second surface 
disposed opposite the first surface. The second threaded 
portion is oriented to engage the first threaded portion 
and is disposed on the first surface coaxially with the axis 
of rotation. The socket mating portion is oriented to en- 
gage the socket and is disposed on the second surface 
coaxially with the axis of rotation. The socket magazine 
includes a cylindrical tubular portion and a surface fea- 
ture. The cylindrical tubular portion has an opening for 
receiving the socket and a bottom surface. The surface 
feature is provided on the bottom surface for engaging 
the socket to inhibit rotation. The first threaded portion 
engages the second threaded portion when the spindle 
rotates about the axis of rotation in a first direction and 
disengages when the spindle rotates about the axis of ro- 
tation in an opposite direction when the socket is dis- 
posed in the socket magazine proximate the surface fea- 
ture. 

[0013] The body portion may have a larger diameter than the first 



threaded portion to inhibit tilting of the first adapter with 

respect to the spindle. 

[0014] The main portion may have a larger diameter than the 

socket mating portion to inhibit tilting of the socket with 

respect to the main portion. 
Brief Description of Drawings 

[0015] Figure 1 is a perspective view of a multi-axis robot having 
an automatic tool attachment apparatus. 

[0016] Figure 2 is an exploded perspective view of one embodi- 
ment of the automatic tool attachment apparatus. 

[0017] Figure 3 is an exploded perspective view of another em- 
bodiment of the automatic tool attachment apparatus. 
Detailed Description 

[0018] Referring to Figure 1, an automatic tool attachment appa- 
ratus 10 is shown. The automatic tool attachment appara- 
tus 10 is adapted to allow automatic coupling of a tool 12 
to a manipulator 14 having a spindle 16. The automatic 
tool attachment apparatus 10 may include a first adapter 
20, a second adapter 22, and a tool magazine 24. 

[0019] The tool 12 may be of any suitable type, such as a drill, 
tap, or fastener engagement tool like a socket or screw 
driver. The tool 12 may have a male or female configura- 



tion. In the embodiment shown in Figure 2, the tool 12 in- 
cludes a first opening 30 adapted to engage the second 
adapter 22 and a second opening 32 adapted to engage a 
fastener. Moreover, the tool 12 may have any suitable 
shape for engaging a fastener or workpiece, such as slot- 
ted, Phillips, pozidriv, square, tri-wing, TORX®, hex, 
spanner, penta-drive, quadrex, spline, tri-groove, trian- 
gular, or oval. 

[0020] The manipulator 14 may have any suitable configuration. 
In the embodiment shown in Figure 1, the manipulator 14 
is configured as a multi-axis robot, such as a six-axis 
robot, having a manipulator arm 34. However, the manip- 
ulator 14 may have any suitable number of movement 
axes and degrees of freedom. 

[0021] The spindle 16 is disposed on the manipulator 14 and is 
adapted to rotate about an axis of rotation 40. In one em- 
bodiment, the spindle 16 is attached to a manipulator arm 
34 in any suitable manner, such as with one or more fas- 
teners. The spindle 16 may be of any suitable type, such 
as an Atlas Copco 12 volt DC bi-directional spindle. In ad- 
dition, the spindle 16 may be adapted to be driven in any 
suitable manner, such as with a motor or pneumatics. 

[0022] Referring to Figure 2, the spindle 16 is shown in more de- 



tail. The spindle 16 may include an end surface 42 and a 
drive portion 44 disposed proximate the end surface 42. 
The drive portion 44 may have any suitable configuration. 
In the embodiment shown, the drive portion 44 has a 
male configuration and a square cross section. 

[0023] The drive portion 44 may include a retaining feature 46, 
such as a ball bearing, dowel, or fastener, that is adapted 
to protrude from drive portion 44 to engage the first 
adapter 20 to inhibit movement of the first adapter 20 
along the axis of rotation 40. 

[0024] The first adapter 20 includes a spindle mating portion 50 
and a first threaded portion 52. The spindle mating por- 
tion 50 is adapted to be fixedly attached to the spindle 16 
in any suitable manner. The spindle mating portion 50 
may have any suitable configuration. For example, the 
spindle mating portion 50 may have a female configura- 
tion that is adapted to receive the drive feature 44 as 
shown in Figure 2. Alternately, the spindle mating portion 
50 may have a male configuration that is adapted to mate 
with a female drive portion. 

[0025] The first threaded portion 52 may have any suitable con- 
figuration. In the embodiment shown in Figure 2, the first 
threaded portion 52 has a male configuration and in- 



eludes one or more threads disposed on an outer surface 
54. Alternately, the first threaded portion 52 may have a 
female configuration and one or more threads disposed 
on a inner surface 56 as shown in Figure 3. 

[0026] The second adapter 22 includes a main portion 60, a sec- 
ond threaded portion 62, and a tool mating portion 64. 

[0027] The main portion 60 has a first surface 66 and a second 
surface 68 disposed opposite the first surface 66. 

[0028] The second threaded portion 62 is disposed proximate 
the first surface 66 and is adapted to engage the first 
threaded portion 52. The second threaded portion 62 may 
have any suitable configuration. More specifically, the 
second threaded portion 62 may have a female configura- 
tion as shown in Figure 2 or a male configuration as 
shown in Figure 3. In addition, the second threaded por- 
tion 62 may be disposed coaxially with the first threaded 
portion 52 and/or the axis of rotation 40. 

[0029] The tool mating portion 64 is disposed proximate the 

second surface 68 and is adapted to engage the tool 12. 
The tool mating portion 64 may have any suitable config- 
uration. In the embodiments shown in Figures 2 and 3, 
the tool mating portion 64 has a square cross-section and 
is adapted to engage the first opening 30. Moreover, the 



tool mating portion 64 may be disposed coaxially with the 
axis of rotation 40. 

[0030] The tool mating portion 64 may also include a retaining 
feature 70, such as a ball bearing, that is adapted to pro- 
trude from tool mating portion 64 to engage the first 
opening 30 to inhibit movement of the second adapter 22 
along the axis of rotation 40 relative to the tool 12. 

[0031] The tool magazine 24 is adapted to hold the tool 12 and 
inhibit rotation of the tool 12 about the axis of rotation 40 
to facilitate automatic tool changes. The tool magazine 24 
may include a tubular portion 80 and a raised portion 82. 

[0032] The tubular portion 80 is adapted to receive the tool 12 
and includes a wall 84 and a bottom surface 86. The 
tubular portion 80 and wall 84 may have any suitable con- 
figuration. In the embodiment shown in Figures 2 and 3, 
the wall 84 has a cylindrical cross-section. Moreover, the 
wall 84 may be spaced from the tool 12 when the tool 12 
is disposed in the tool magazine 24. The tubular portion 
80 may be taller than the raised portion 82 to inhibit tip- 
ping of the tool 12. 

[0033] The raised portion 82 is disposed in the tubular portion 
80. In the embodiment shown in Figures 2 and 3, the 
raised portion 82 is disposed proximate the bottom sur- 



face 86 and is spaced from the wall 84. The raised portion 
82 may have any suitable shape adapted to engage the 
tool 12 to inhibit rotation. In the embodiments shown, the 
raised portion 82 engages the second opening 32 to hold 
the tool 12 and inhibit rotation when the spindle 16 ro- 
tates about the axis of rotation 40 to engage or disengage 
the first and second adapters 20,22. 

[0034] a proximity sensor 88 may be incorporated with the tool 
magazine 24 to detect the presence of the tool 12. The 
proximity sensor 88 may be of any suitable type and may 
be disposed in any suitable location, such as proximate 
the wall 84. The proximity sensor 88 provides a detection 
signal to the manipulator 12 or a control unit associated 
with the manipulator 12 that may be used as an input for 
control logic that implements an adapter coupling and/or 
decoupling sequence. 

[0035] The operation of the tool attachment apparatus 10 will 

now be described. To couple the first and second adapters 
20,22. The manipulator 12 positions the first threaded 
portion 52 proximate the second threaded portion 62 
such that the first and second threaded portions 52,62 are 
coaxially disposed with the axis of rotation 40. Next, the 
spindle 16 rotates the first adapter 20 in a predetermined 



direction to allow thread together the first and second 
threaded portions 52,62. In addition, the manipulator 12 
may move the spindle 16 closer to the tool 12 as the first 
adapter 20 rotates to facilitate thread engagement. Op- 
tionally, at least a portion of the spindle 16 may be 
spring-loaded to facilitate thread engagement. As the first 
adapter 20 rotates, the second adapter 22 does not turn 
due to engagement with the raised portion 82 of the tool 
magazine 24. After a suitable number of revolutions, the 
first and second adapters 20,22 are mated such that the 
main portion 60 is disposed proximate the first adapter 
20. The manipulator 12 can then remove the tool 12 from 
the tool magazine 24 to perform operations on a work- 
piece. 

[0036] jo decouple the first and second adapters 20,22 the pro- 
cess is reversed and the spindle 16 is rotated in an oppo- 
site direction to decouple the first and second adapters 
20, 22. 

[0037] This invention allows a manipulator to automatically cou- 
ple or decouple tools to a spindle without manual inter- 
vention, thereby reducing labor costs. In addition, faster 
changeovers are facilitated since tools can be inter- 
changed rapidly without stopping the manufacturing pro- 



cess. Furthermore, the tool attachment apparatus can be 
easily replicated for multiple tools. More specifically, mul- 
tiple tools may be equipped with modular second 
adapters to allow a manipulator to automatically select 
from a variety of tools that may be used in a manufactur- 
ing operation. 

[0038] while the best mode for carrying out the invention has 
been described in detail, those familiar with the art to 
which this invention relates will recognize various alterna- 
tive designs and embodiments for practicing the invention 
as defined by the following claims. 



